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I. INTRODUCTION
Vision is the most important way for human to perceive the outside world, more than 80% of the information we obtain is derived from vision. The visually impaired has difficulty to gain information from eyes because of the impairment, meanwhile it also gives living or economic burden to the families and the whole society.
Broadly speaking, the tactilestick is one of the first visual aids for the blind. But with the rapid development of science and technology, people began to look for other ways to solve the problem. This paper studies the image-sound conversion method in a non-semantic way [1] : that means that image data is mapped into auditory signal without doing image semantic extraction. In this scenario, the users need special training before he or she can receive environment information from the auditory signals.
In this section, we make a brief review on the non-semantic image-sound conversion. 1) In 1992, the Dutch scholar Meijer proposed the classic method of non-semantic image [2] (also known as "Piano Transform"). Afterword, the Meijer group developed a visually impaired assistant system according to the "Piano Transform" conversion principle which is called vOICe.
2) The research group led by Dr Walker from Georgia
Institute of Technology designed a device called "Listen2dRoom" [3] , which use sound to help the visually impaired learn a strange room layout, and then to enhance their independent activities ability indoor [4] . 3) Fang Zhi-Gang, Xu Jie etc. from Zhejiang University proposed the blind walking auxiliary system models called "Auto Man" and "Auto Guide". Auto Man model first obtain pavement obstacles locations and path direction information by using image processing techniques, and then change parameters by the mapping such as the strength and rhythm of the sound, finally achieve the purpose of passing on information [5] . Auto Guide uses GPS and map information database technology on the basis of Auto Man for auxiliary blind walking [6] . 4) Tian Ya-Nan, who is from Northeastern University, utilize edge detection and image segmentation to process visual image, and then map to voice patterns, which reduce the difficulty of the vOICe system [7] , [8] . Among them, the vOICe system has the advantage of simple and convenient, thus it has a range of applications in the practical field. However, it also suffers the problem of computational complexity when real system design is concerned. To tackle the problem, a image-sound conversion method is proposed in the paper, which adopts inverse fast Fourier transform to implement the image-sound conversion more efficiently.
II. THE IMAGE-SOUND CONVERSION METHOD ADOPTED BY THE VOICE SYSTEM In the vOICe system, image is usually divided into a n × n pixels matrix. In the mapping of the image-sound conversion, we process one column as a unit from left to right [9] . In the transformation of each column, each pixel is to be mapped to a sine wave, which uses the mechanism of top to bottom. The frequency of the sine wave value is determined by the location of that pixel in its own column. The higher the position is, the higher the frequency. As shown in Fig. 1 , the bigger the pixel number of rows (row number), the greater the frequency value. The amplitude value of the sine wave depends on the gray levels of pixels, range of 0-255, in which white (255) corresponding to the biggest value of 1, black (0) corresponds to the minimum value of 0. The column number expresses the duration of the voice mapped from the image, the more the number of columns is, the longer the length of time. Overlying the sine waves of each pixel in a line, we will get the mapping result of one column. Then output mapping results each column arranged from left to right one by one, ultimately get the final mapping results of the whole image.
In the process of mapping, the image is divided into a N × N matrix. The mapped time domain signal of the column (i) is expressed with (n), where n indicates time t. Formula is as follow:
where m is representative of row number of the pixel
mN n n n n respectively represent the amplitude value, frequency value and duration time of the sine wave mapped from each column.
According to the mapping principle of the vOICe, the greater the number of rows is, the greater the frequency. Setting
Writing (2-1) in the summation form:
In the formula, denotes pixel values in the column m and row j, 1 and separately signify the minimum and maximum frequency values of the column. Because there is not objective influence to the results, we delete 1 in the trigonometric functions.While -1 is signed with K as a constant. So the formula (2-3) turns into:
DFT is a kind of point to point mapping, which means sampling circularly from a continuous signal in time domain to get a set of values, and then expressing these values with frequency information in the frequency domain. In the image-sound conversion process, the sine signal mapped from each pixel of the image based on the mapping principle of the vOICe serves for the frequency domain information in the DFT calculations. Therefore, this article considers using inverse discrete Fourier transform (IDFT)to simulate the direct synthesis process in the vOICe system.
The expression of the IDFT time domain signal x(n) is defined [10] as:
where X(m) is the sampling value of the frequency domain discrete sequence, N is the total number of sampling values in the discrete sequence, "e" is the base of natural logarithm, "j" is the sign of imaginary number (j= −1).
According to the Eulerformula： cos sin
The formula (3-1) is equal to the following:
where x(n) is the nth IDFT output, n is the index of output sequence of IDFT in the time domain (n=0, 1, 2,..., N-1), X(m) is the input sample sequence, m is the index of input sample sequence in the frequency domain (m=0, 1, 2,...,N-1), N is the number of the frequency points in the input sequence and also the sample points of IDFT output sequence.
Because the coefficient 1 is in a linear relationship of x(n), it will not affect the essence of the data in the result, only fluctuates on the amplitude, thus ignore it. Reject the imaginary part in (3-3) and the formula turns into:
Compared the formula (3-4) with the direct synthesis expression of vOICe system (2-1) and (2-2), we found them with similar structure. So the process of directly superposition after point to point mapping in the vOICe system can be replaced by the inverse discrete Fourier transform (IDFT).
On the grounds of the direct synthesis expression (2-1), when transform one image, it needs n times additive operations, 2n times multiplications and n times trigonometric function calculations (Assuming that the image consists of n × n pixels). While IDFT needs 4n times multiplications and n times trigonometric function calculations. Seen from this, the amount of calculation of these two methods is almost consistent.
In order to reduce the amount of calculation and improve the real-time performance of the system effectively, this article uses the fast algorithm of inverse discrete Fourier transform-inverse fast Fourier transformation (IFFT) to implement the improvement on the original algorithm.
Presume the sequence we have taken for is N points of finite length, if N is large enough,the ratio of the amount of calculation by usingDFT and FFT is asfollows:
Suppose N=1024, the ratio of the calculation of DFT and FFT is 205.
Therefore we can see that utilizing the IFFT to replace direct synthesis process of the vOICe system can effectively improve the operation speed, reduce the computational complexity, and improve the real-time performance of the system.
IV. ALGORITHM IMPLEMENTATION AND EXPERIMENTAL RESULTS
According to the principle of the vOICe system, each pixel is mapped for a sine wave with a certain frequency, that is, the frequency domain information of the pixels. To transform the frequency domain signal of one column through IFFT, point to point, we can get the time domain signal corresponds to the column. Arrange the output of each column in line with the column number from left to right, and then get the final mapping results of the whole image.
When improving the direct synthesis method of the vOICe system with IFFT, the specific process is mainly divided into the following several steps, as shown in Fig. 2 . Turn the image after preprocessing into grayscale image. 4) Frequency domain data construction:
Treat the gray level image as a matrix of n × n. According to the mapping principle of the vOICe system, map each pixel of a unit to a sinusoidal wave of certain frequency and amplitude.
5) IFFT transformation:
Conduct he sine waves mapped from the pixels, that is, the frequency domain information, with IFFT to get the result made up of real part and imaginary part. In order to draw near to the result of the vOICe system as far as possible, according to theoretical analysis, discard the imaginary part and leave the real part to generate the final result. 6) Audio sequence:
Store the time domain data gained from the former step into wav format to form the audio sequence.
During the experiment, we convert the same image with two methods--the direct synthesis of the vOICe system and inverse fast Fourier transform (IFFT). Fig. 3 . Experimental images.
The pictures in Fig. 3 are all in JPG format. Because the image column numbers are too great, in this paper we choose one column every 20 ranks. The processing time of each image is shown in the following Table I . Based on the formula (3) (4) (5) , when the number of pixels in each column is respectively256, 512, 1024, 2048, the calculation ratio of DFT and FFT is approximately 64, 114, 205, 372 times. And the direct synthesis method and IDFT are quite proximate on amount of calculation. Therefore, the ratio of the processing time is similar to the theoretical value where we can find in Table I , which suggests that in the transformation of a image with the two methods, the IFFT transformation needs a shorter processing time than traditional vOICe conversion system.
After accumulated experiments, we find that the eventually sound generated from the same image via IFFT and the vOICe system have the same change trend, but a slightly different frequency range, while it does not affect the user to distinguish sound change trend, so it does not influence the results.
V. CONCLUSION
As a classical vision aid method for the visually impaired, the vOICe systemis is based on the non-semantic visual images, and it adopts the image-sound conversion method known as "Piano Transform". In this paper, the equivalence of IFFT and the signal synthesis process of the "Piano Transform" is proved firstly. And then we proposed a modified image-sound conversion method for improving the real-time of the vOICe system and reducing the calculated quantity. In our method, IFFT is used to realize the synthesis of mapped signals for reducing the calculation of the transformation process. At last, the method is tested on the experiment effectively, and the result has shown that the new method can decrease the conversion time exceedingly.
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